Abstract
Objective-To determine the efficacy of peroral electrohydraulic lithotripsy performed with an extra large duodenoscope (outside diameter 14-8 mm) and a choledochoscope with a diameter of 4-1 mm (Olympus "mother and baby" endoscope system) in the removal of very large stones from the common bile duct.
Design-Prospective study of patients with giant stones in the common bile duct that were resistant to extraction by conventional means.
Setting-Endoscopy unit at a university hospital.
Patients-Four women and one man aged 48-82 (mean 66*4 years) with a total of nine stones in their common bile ducts ranging from 2*2 to 3-6 cm in diameter.
Interventions-Peroral electrohydraulic lithotripsy was performed after intravenous sedation and under antibiotic cover. Two endoscopists took part in each procedure, coordination being achieved by means of a video monitor. The procedures were performed with a Lithotron EL-23 lithotripter and a 3 French lithotripsy probe inserted through the choledochoscope under direct vision.
Main outcome measure-Complete clearance of the common bile duct confirmed by occlusion cholangiography.
Results-All nine stones (mean minimal diameter 2-6 cm; mean maximal diameter 3-1 cm) were successfully fragmented by electrohydraulic lithotripsy, allowing subsequent extraction with the aid of endoscopy and clearance of the common bile duct. A median of three (range two to five) sessions of endoscopic retrograde cholangiopancreatography were required to achieve complete clearance of the ducts. Patients stayed a median of eight days in hospital after lithotripsy (range eight to 14) . There were no complications.
Conclusion-Peroral electrohydraulic lithotripsy offers a safe and effective alternative for the management ofpatients with large stones in the common bile duct.
Introduction
The role of endoscopic sphincterotomy in treating patients with stones in the common bile duct is now firmly established.' 2 Ninety per cent of patients with these stones can successfully be treated in this way.34 Technical difficulty in extracting stones with the aid of endoscopy increases with their size. Stones more than 2 cm in diameter are difficult to remove endoscopically. 5 Several methods have been used to fragment stones in the common duct to facilitate endscopic removal.6 Electrohydraulic lithotripsy utilises the principle of high pressure shock waves generated by a high voltage discharge and has been used to fragment urinary stones.7 It has been used in the biliary tract through the choledochoscope via a percutaneous transhepatic route8'0 or a T tube tract. " We describe our experience with electrohydraulic lithotripsy of stones in the common duct under direct vision using peroral choledochoscopy with the "mother and baby" endoscope system (Olympus Optical, Tokyo).
Patients and methods
During December 1988 and January 1989 we saw five patients (four women) with giant stones in the common duct in whom stone extraction by conventional methods (including mechanical lithotripsy) had failed. Their mean age was 66-4 years (range 48-82). The reasons for failure were inability to engage a large stone with the basket (three cases) and inability to open the lithotripsy basket in a duct packed with large stones (two). A total of nine large stones were seen in these five patients. The largest diameters ranged from 2-4 to 3-6 cm (mean 3-1 cm) and the smallest diameters frdm 2-2 to 3-0 cm (mean 2-6 cm). The sizes of the stones were measured from the radiograph by comparison with the diameter of the endoscope in the same radiograph.
All five patients presented with acute cholangitis. One required emergency nasobiliary drainage in the acute attack. All five patients had their sepsis controlled with antibiotics before attempted stone extraction. Sphincterotomy was performed in four patients, the other patient having had a sphincteroplasty two years previously.
INSTRUMENT
The Olympus mother and baby endoscope consists of an extra large duodenoscope (mother endoscope, XTJF-5 5) with an external diameter of 14-8 mm. It has a 5 5 mm instrument channel which admits a 4-1 BMJ VOLUME 299 2 SEPTEMBER 1989 mm diameter choledochoscope (baby endoscope). The baby endoscope has a working channel of 1-7 mm diameter and a two way (up-down) control for tip deflection. The electrohydraulic lithotripter (Lithotron EL-23; Walz Electronic, West Germany) has probes of different sizes. We used the smallest (3 French) . The tip of the probe contains a spark chamber with a bipolar coaxial electrode which generates a spark when the foot pedal is depressed. The spark produces a shock wave in a fluid medium (physiological saline) and fragments the stone. The instrument is calibrated to deliver an intermittent pulse with increasing frequency when activated (fig 1) . FIG The procedure is performed with intravenous sedation and antibiotic cover. Two endoscopists are required to operate the mother and baby endoscopes. A video camera projects the image of the baby endoscope on the monitor to facilitate coordination between the two endoscopists. The position of the tip of the baby endoscope can also be checked by intermittent fluoroscopy.
Firstly, the mother endoscope is introduced into the duodenum. The baby endoscope is then passed through the instrument channel of the mother endoscope and manipulated into the common bile duct alongside the nasobiliary catheter. The movement of the baby endoscope depends to some extent on the rotational movement of the mother endoscope and also the insertion and withdrawal of the baby endoscope in the bile duct in addition to the up-down angulation of the tip. After examination of the interior of the common bile duct and the location of stones the ductal system is filled with diluted contrast and a cholangiogram taken. The system is then filled with physiological saline infused through the nasobiliary catheter using a pressure bag. The electrohydraulic lithotripsy probe is inserted through the channel of the baby endoscope. Lithotripsy is carried out under direct vision with the tip of the probe touching the stone (fig 2) . Care is taken not to activate the probe when the tip is in contact with the bile duct wall. The probe is activated only when it is properly immersed in saline and touching the stone.
Because stone fragments and sludge generated during lithotripsy may obscure the endoscopic view of the baby endoscope, irrigation through the nasobiliary catheter and channel of the baby endoscope together with suction applied to the mother endoscope help to maintain a clear view of the stones. Stone fragmentation is monitored endoscopically and is also confirmed by fluoroscopy with contrast introduced through the nasobiliary catheter. Once the large stones are fragmented the baby endoscope is removed. The stone fragments within the duct are then extracted with Dormia baskets and balloon catheters passed through the instrument channel of the mother endoscope. In patients with incomplete clearance of the duct the nasobiliary catheter is left in situ to ensure adequate drainage of the biliary system. Check cholangiography or repeat endoscopic retrograde cholangiopancreatography is carried out at the next session and any residual stone fragments removed. Air refluxed into the bile duct after a sphincterotomy may mimic stones in the cholangiogram. In addition, contrast injected through the nasobiliary catheter may spill from the sphincterotomy. Using occlusion cholangiography with contrast injected under pressure through an occlusion balloon catheter ensures adequate filling of the ducts. The balloon catheter is also useful in differentiating air bubbles from stone fragments. When complete clearance of the duct is confirmed by an occlusion cholangiogram'2 the patient is discharged from hospital.
Results
Electrohydraulic lithotripsy was successful in fragmenting all the large stones in the five patients. Three patients required only one session of lithotripsy. One patient, who had two giant stones, required two sessions. In another patient a large stone impacted at the distal common duct prevented proper positioning of the baby endoscope and lithotripsy probe. The stone was pushed back into the common hepatic duct using a balloon catheter and successful lithotripsy carried out at a second session.
The time taken to fragment and remove the large stones ranged from 45 to 60 minutes. The total number of sessions of endoscopic retrograde cholangiopancreatography needed to achieve complete clearance of the duct ranged from two to five (median three). No complications occurred. The interval between the first session of lithotripsy and discharge of the patient from hospital ranged from eight to 14 days (median eight days).
Discussion
Success in removing large stones from the common bile duct depends on the size of the stones and the configuration of the distal duct. The size of the sphincterotomy that can safely be performed is also a factor. Removal of stones larger than 1 cm usually requires some form of lithotripsy before endoscopic extraction. Mechanical lithotripsy is effective only if the stones can be engaged in a basket.'3 The use of a tunable dye laser to fragment stones in the common duct has recently been reported.'4 This technique also requires the stone to be trapped in a basket before the laser can be applied unless the stone can be visualised directly.'5 Large stones in the common duct are often soft and can easily be crushed, even with the ordinary stone retrieval baskets.'6 Nevertheless, it is often difficult or impossible to engage these giant stones in the basket because ofimpaction or lack of space to open the basket in a duct packed with stones.
Electrohydraulic lithotripsy fragments the stone by shock waves generated at the tip of the probe by a high voltage electrical discharge in a fluid medium. This technique has been used extensively in the urinary tract. Because of the risk of damage to the wall of the bile duct" direct visual control of the position of the probe is necessary during lithotripsy. This technique has been used in the biliary system through a percutaneous transhepatic route or a T tube tract under choledochoscopic guidance. It has also been applied via the endoscopic retrograde route under fluoroscopic control. This, however, is not widely practised because of the risk of damage to the bile duct. A special probe has been designed for endoscopic retrograde electrohydraulic lithotripsy under fluoroscopic control.'8 It has an inflatable balloon tip to keep the probe away from the bile duct wall. Direct contact of the tip of the probe with the stones, however, may be difficult to confirm on fluoroscopy and the risk of inadvertent damage to the duct wall remains.
Peroral choledochoscopy is now possible with the use of ultrathin endoscopes that can pass through the instrument channel of a standard duodenoscope'9-hence the mother and baby endoscope system. Direct visualisation and access to the bile and pancreatic ducts widens our scope in the diagnosis and treatment of pancreaticobiliary problems. Peroral choledochoscopy with the mother and baby endoscopes allowed us to examine the stones in the common duct and to perform electrohydraulic lithotripsy under direct visual control. In this series of five patients in whom stone extraction by coventional methods failed electrohydraulic lithotripsy successfully fragmented the stones and permitted clearance of the duct. This technique is a useful alternative for patients with giant stones in the common duct, especially those who are unfit for surgery. Compared with the percutaneous transhepatic approach peroral choledochoscopy avoids the morbidity associated with liver puncture and does not require the creation of a percutaneous tract.
Several technical points deserve special mention. Though the tip of the baby endoscope has a 160 degree upward deflection and a 100 degree downward deflection, much of this is lost after insertion into the common duct owing to angulation. Movement of the baby endoscope depends to a large extent on manipulation and rotation of the mother endoscope. Likewise the positioning of the lithotripsy probe against the stone is controlled by the insertion and withdrawal of the baby endoscope and the lithotripsy probe. Close coordination between the two endoscopists is necessary, and this is facilitated by intermittent fluoroscopy and video projection of the endoscopic images, which allow both endoscopists to visualise the procedure. Electrohydraulic lithotripsy requires a fluid medium for the conduction of the shock waves. Debris and stone fragments generated at the stone surface during lithotripsy tend to obscure the endoscopic view. We use a nasobiliary catheter to fill the common duct with saline and wash away the debris. In our patients, all of whom had adequate sphincterotomies, irrigation of the common duct did not lead to bacteraemia or septicaemia. None the less, we think that it is prudent to give antibiotics prophylactically and to refrain from using this technique in patients with uncontrolled biliary sepsis.
The mother and baby endoscopes and the electrohydraulic lithotripter (Lithotron EL-23) were generously provided by Olympus Optical, Tokyo. We thank Dr E M Bondoc for his help.
